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This work was partially supported by the U.S. government under NIH grants CA06973, CA09243, 
CA35494, CA09071 and CA43460. The U.S. government retains certain rights in this invention. 

TECHNICAL FIELD OF THE INVENTION 

This invention relates to diagnostic and therapeutic methods for detecting and alleviating cancers. Specif- 
ically it relates to the identification of DNA sequences specifically bound by tumor suppressor p53. 

BACKGROUND OF THE INVENTION 

The gene for the nuclear phosphoprotein p53 is the most commonly mutated gene yet identified in human 
cancers (Vogelstein, B., Nature, 348:681 (1990)). Missense mutations occur in tumors of the colon, lung breast 
ovary, bladder, and several other organs (S.J. Baker, et al., Science , 244:21 7 (1989); J.M. Nigro, et al Nature ' 
342:705 (1989); T Takahashi, et al., Science , 246:491 (1989); Romano, et al., Oncogene , 4:1483 (1989) Me- 
non ' Proc. Natl Acad. Sci. USA, 87:5435 (1990); Iggo, et al., Lancet ii, 675 (1990); T Takahashi, et al J Clin 
Invest. 86:363 (1990); Mulligan, Proc. Natl Acad. Sci. USA . 87:5863 (1990); Bartek, et al., Oncogene sis 
(1990); Stratton et al., Oncogene, 5:1297 (1990)). One of the important challenges of current cancer research 
is the elucidation of the biochemical properties of the p53 gene product and the way in which mutations of the 
p53 gene affect these properties. 

Although some biological characteristics of p53 have been defined, such as its ability to suppress the 
growth of in vitro transformed murine cells (Eliyahu, et al., Proc. Natl Acad. Sci. USA 86 :8763 (1989); Finlay, 
et al., Cell, 57:1083 (1989)) or human cancer cells (Baker, et al., Science , 249:912 (1990); Mercer et al Proc 
Natl Acad. Sci, USA, 87:6166 (1990); Diller et al., Mol. Cell Biol. 10:5772 (1990)), the bioch emical' basis oTthte 
suppression remains largely unknown. As a step towards understanding such properties, we have attempted 
to determine whether p53 binds to specific DNA sequences within the human genome. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method for detecting the presence of wild-type p53 protein in a 

cell. 

It is another object of the invention to provide a method for providing the physiological effect of wild-type 
p53 protein to a cell. 

It is yet another object of the invention to provide a double-stranded DNA fragment which contains a p53- 
specif ic DNA binding site. 

It is yet another object of the invention to provide a single-stranded oligonucleotide or oligonucleotide con- 
taining nucleotide analogs which can specifically complex to a p53-specif ic DNA binding site. 

It is still another object of the invention to provide methods for identifying compounds which specifically 
bind to p53-specif ic DNA binding sequences. 

It is still another object of the invention to provide methods for identifying compounds which restore the 
ability of mutant p53 proteins to bind to specific DNA binding sequences. 

These and other object of the invention are provided by one or more of the embodiments described below 
In one embodiment a method is provided for detecting the presence of wild-type p53 protein in a cell, comprising 
the steps of: contacting a p53-specif ic-binding DNA fragment with a cell lysate from a tissue of a human to bind 
the DNA fragment to wild-type p53 present in the cell lysate; and detecting the binding of the p53-specif ic-bind- 
ing DNA fragment to wild-type p53. 

In another embodiment of the invention a method is disclosed for providing the physiological effect of wild- 
type p53 protein to cell, comprising the steps of: providing to a cell a compound which is able to specifically 
complex with a p53-specif ic binding site. 

In yet another embodiment a double-stranded DNA fragment is provided which comprises a p53-specif ic- 
DNA binding site, wherein the fragment comprises more than one monomer repeat of the sequence 5'- 
RRRCWWGYYY-3'. and wherein the fragment is covalently attached to an insoluble polymeric support. 

In another embodiment of the invention a single-stranded oligonucleotide containing natural nucleotides 
and/or nucleotide analogs is provided which is able to complex specifically with a p53-specif ic binding site, 
said binding site comprising more than one monomer of the sequence 5'-RRRCWWGYYY-3\ 

In yet another embodiment of the invention a method is provided for identifying compounds which specif- 
ically bind to p53-specif ic DNA binding sequences, comprising the steps of: contacting a p53-specif ic DNA bind- 
ing fragment immobilized on a solid support with a test compound to bind the test compound to the DNA frag- 
ment; and determining the amount of test compound which is bound to the DNA fragment. 
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In even another embodiment of the invention a method is provided for identifying compounds which spe- 
cifically bind to p53-specif ic-DNA binding sequences, comprising the steps of: contacting a p53-binding DNA 
fragment immobilized on a solid support with both a test compound and wild-type p53 protein to bind the wild- 
type p53 protein to the DNA fragment; determining the amount of wild-type p53 protein which is bound to the 
DNA fragment, inhibition of binding of wild-type p53 protein by the test compound suggesting binding of the 
test compound to the p53-specif ic DNA binding sequences. 

In still another embodiment a method of prescreening agents for use in cancer therapy is provided com- 
prising: measuring the amount of binding of a p53 protein which is encoded by a mutant gene found in cancer 
cells of a patient to a DNA molecule which comprises more than one monomer of RRRCWWGYYY; measunng 
the amount of binding of said p53 protein to said DNA molecule in the presence of a test substance; and com- 
paring the amount of binding of the p53 protein in the presence of said test substance to the amount of binding 
of the p53 protein in the absence of said test substance, a test substance which increases the amount of binding 
being a candidate for use in cancer therapy. 

In another embodiment of the invention a method is provided for prescreening agents for use in cancer 
therapy comprising: contacting ajransfectedjcell_with_a test substance, said transacted cell containing a p53 _ 
protein which is encoded by a mutant gene found in cancer ceils of a 'patient and a reporter gene construct 
comprising a reporter gene which encodes an assayable product and a sequence which conforms to the p53 
consensus binding site having more than one monomer of RRRCWWGYYY, wherein said sequence is up- 
stream from and adjacent to said reporter gene; and determining whether the amount of expression of said 
reporter gene is altered by the test substance, a test substance which alters the amount of expression of said 
reporter gene being a candidate for use in cancer therapy. 

In still another embodiment a method of prescreening agents for use in cancer therapy is provided com- 
prising: adding RNA polymerase and ribonucleotides to a transcription construct, said transcription construct 
comprising a reporter gene which encodes an assayable product and a sequence which conforms to the p53 
consensus binding site having more than one monomer of RRRCWWGYYY, said sequence being upstream 
from and adjacent to said reporter gene, said step of adding being effected in the presence and absence of a 
test substance; determining whether the amount of transcription of said reporter gene is altered by the presence 
of said test substance, a test substance which alters the amount of transcription of said reporter gene being a 
candidate for use in cancer therapy. 

In a further embodiment a DNA construct is provided comprising: a reporter gene which encodes an as- 
sayable product; and a sequence which conforms to the p53 consensus binding site having more than one 
monomer of RRRCWWGYYY upstream from and adjacent to said reporter gene; wherein said DNA construct 
is selected from the group consisting of a recombinant plasmid, a viral vector or an isolated molecule of DNA. 

In another embodiment of the invention a method is provided of diagnosing tumor-inducing or hyperplastia- 
inducing strains of human papilloma virus (HPV) comprising: contacting cells or cell extracts of patients sus- 
pected of being infected by HPV with a p53-specific binding DNA fragment; and detecting the amount of wild- 
type p53 in said cells or cell extract which binds to said DNA fragment, absence of bound p53 indicating infection 
by strains of HPV which sequester p53. 

These and other embodiments of the invention provide the art with new tools for detecting and remedying 
the loss of function of the most commonly mutated gene identified in human cancers. Further it provides meth- 
ods for identifying agents which can suppress neoplastic growth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A. Screening for fragments bound by p53 using an immunoprecipitation assay. Panel 1 contains 
the hFosAva2 clone; panel 2, 772 C BE ; panel 3, Lambda 5R; panel 4, a pool of clones with inserts of randomly 
cloned human genomic sequences. 772 C BE and Lambda 5R contain Hinfl fragments (259 and 190 bp, respec- 
tively) which bound p53 relatively strongly (arrowheads). "C" - control lane, containing 2% of the labelled DNA 
used in the binding reactions. "B" - bound DNA recovered from the immunoprecipitate. Figure 1 B. Tests for de- 
pendence on p53 and specific antibody. Cell lysates were produced by infection with vaccinia virus that did 
(+) or did not (-) contain an insert of wild-type p53 cDNA. Immunoprecipitation was performed with anti-p53 
monoclonal antibodies (+) or normal mouse IgG (-). 

Figure 2. Relative abilities of wild-type and mutant p53 to precipitate fragment A. "C" - control lanes, con- 
taining 2% of the labelled DNA used in the binding reaction, "B" - bound DNA recovered from the immunopre- 
cipitate. Figure 2A. Increasing quantities of wild-type and mutant 273^ p53, affinity-purified from a baculovirus 
expression system, were used to precipitate labelled C BE fragments. Figure 2B. Lysates from a vaccinia virus 
system (Vac) producing the wild-type (wt), mutant (175 h1 *), or no p53 protein (-), were used to immunoprecipitate 
labelled C BE fragments. Equivalent quantities of p53 were present in the wild-type and mutant p53 lysates, as 
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assessed by Western blot. In the "Bac" lane, affinity-purified p53 produced in baculovirus-infected insect cells 
was used in place of the vaccinia-infected lysates. 

Figure 3A. Fragment A and adjacent vector sequences in the 10d subclone of 772 C BE . This differs from 
the published 772 C 8E sequence (Genbank M25718) in the number of CTT repeats (bp 173-229) and in the 
presence of Ainstead of C at bp 116. Figure 3B. Fragment B and adjacent vector sequences in the 8a subclone 
of Lambda 5R. A related sequence on file (Genbank X0591 3) varied somewhat from the Lambda 5R subclone 
studied. 

c - R9 i? 1 ^ ndin9 ° f Vari ° US subfraa -ments of fragments A and B to p53 from vaccinia-infected cell lysates 
fT! ^ 9mentS of fra 9 ment A (subclone 10d) were assayed by immunoprecipitation for their ability 
to bind wild-type p53 from vaccinia-infected cell lysates. Binding of at least 2% of the DNA added to the reaction 
was judged as a positive (+) result; lesser but significant binding was recorded as "+/-". Double Lines (=) denote 
fragment ^sequences. Single lines (-) denote polylinker sequences of the vector, not originally present in frag- 
?T> Ao 9 ; Fragment 5mut1 had a G t0 T aversion at bp 120; 5mut2 had G to T transversions at bp 
\ f , J TT 6 4 ThS fra 9 ment A <P a "els 1-4) and fragment B (panel 5) subfragments illustrated in Figure 
4A are labelled to the left of the bands. The V" band in panel 4 corresponds to the 2.9 kb vector into which 
subfragments 6 was cloned. Subfragment 8 (panel 5) contained bp 1 04-238 of fragment B (see Fig 3B) Control 
lanes (C) contained 2% of the labelled fragments used in the binding assays (B). 

Figure 5. Effects of methylation and point mutations in fragment A on DNA-binding. Figure 5A Methylation 
mterference assay. "B" - bound DNA recovered from the immunoprecipitate. "C» - equivalent amount of control 
DNA fragment, not subject to binding reaction. Bound and control DNA samples were cleaved at methylated 
guanines and equal amount separated by electrophoresis on a 6% denaturing gel. Dots represent methylation- 
sensihve sites (open for partial, solid for strong interference); some variation in band intensities occurred be- 
tween assays, and only the reproducible changes are marked. Figure 5B. Binding of "mutant" subfragments 
of fragment A (5mut1 and 5mut2) to purified baculovirus-produced P 53 is compared to that of the normal sub- 

ISTJ? 5 SeqUenCe " 5mut1 COntains a T instead of G at b P 12 °. and 5mut2 contains Ts in place of Gs at bp 
i^yjf i^ i, ano i^^. 

Figure 6A shows RNase protection analysis of transfected clonal lines. A labeled antisense p53 probe was 
hybridized with total cellular RNA, and digested with RNase A. Endogenous RNA included all sequences rep- 

,n 3f 7? 7 I 36 ? ! d Pr ° be - Ex °9 enous P 53 RNA P rodu <* d from the expression vectors extended only about 

30 2/3 of the length of the probe. 

F X Ur ,l 6 f S Tf Southern blot analvsis of transfected clonal lines. The exogenous p53 gene was present 
on a 1.8 kb BamHI fragment. The endogenous p53 gene gave rise to a 7.8 kb BamHI fragment Other sized 
fragments presumably arose by rearrangements. 

Figure 7A shows expression analysis of pooled clones; the analysis was as described in Figure 6A 
Figure 7B shows a Southern blot analysis of SW480 pooled clones. 
Figure 8. Isolation of human genomic sequences which bound to p53. 

Figure 8A. Experimental strategy used for isolation and analysis of human genomic DNA fragments which 
bound to p53. 

Figure 8B. Immunoprecipitation (IP) assays of cloned fragments. Clones of amplified and selected (AS) 
DNA were tested for the presence of p53-binding fragments by IP. For each clone, the bound DNA is shown in 
he B lane, adjacent to a control (c) lane containing 2% of the total end-labeled DNA used in the binding assay 
In th.s representative experiment, eight binding fragments were identified, representing six unique genomic 
t 9 ," 1 !" I he , ,nserts from the dones in lanes labeled . 2. 3, 5, 9. 10, and 11 contained P 53-binding fragment 
while the other lanes contained none. The clones in lanes 2 and 5 each contained two binding fragments ' 
Figure 9. Mapping of p53-binding sites by DNase I protection (DP) and methylation interference (Ml) For 
each footprint, the first and fourth lanes contain control samples of the total labeled DNA, whereas the middle 
two lanes contain an equivalent amount of p53-bound DNA. DNA sequences corresponding to the P 53-binding 
regions on strand 1 are shown in Fig. 10. omaing 

Figure 10. Definition of a consensus binding site for P 53. The P 53 binding site of 18 cloned human genomic 
DNA fragments, determined by footprinting methods are displayed along the central axis of symmetry which 
separates the two 10 bp consensus monomers. Nucleotides in capital letters represent identity of a genomic 
sequence to the consensus, whereas lower case letters identify disparity with the consensus. Sequences sur- 
rounding the consensus or separating the two 1 0 bp monomers are also shown in lower case. The ten synthetic 
oligonucleotides investigated for the ability to be bound by p53 are shown at the bottom. Oligonucleotides No 
6 to 10 were tested after cloning into plasmid vectors. Lowercase letters represent vector-derived sequences' 
Combined nucleotide usage <%) within the two monomers of the consensus binding site is shown in the middle 
Figure 1 1 . Binding of synthetic oligonucleotides to wild-type (wt) and mutant p53 proteins 
F.gure 11A. The 10 bp consensus monomer was insufficient for binding, whereas dimers in various orien- 
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tations or multimers of the 10 bp consensus bound strongly to P 53. For each sample, the control lane (C) con- 
tained 2% of the total DNA used in the binding reaction, and was composed of two fragments: 2.9 kb vector 
DNA fragment and a fragment of 40 to 80 bp containing no insert (lane 9; Xhol plus Pst1 digest of pBluescnpt 
II SK+) the 10 bp consensus monomer sequence 5'-AGGCATGTCT-3'(lane 5), or multimers of this sequence 

s arranged as indicated (lanes 1 to 4, 6, to 8). Bound DNA from the IP is shown in the B lanes. 

Figure 1 1 B Comparison of the ability of wild-type and mutant p53 to bind to the consensus dimer. In vitro 
translated p53 proteins were tested for the ability to bind the consensus dimer by IP. Two percent of the total 
DNA used for binding is shown in lane 1. Lane 7 shows binding to baculovirus-produced human wild-type P 53 
protein Lanes 2 to 6 show binding of jn vitro translated wild-type and mutant p53 proteins. The mutant p53 

10 proteins contained changes at codon 143 (val to ala), 1 75 (arg to his), 248 (arg to trp), and 273 (arg to his). 
Figure 12 Reporter and expression construct used in transfections are shown. 

Figure 1 2A Reporter constructs in pBluescript II SK+ vector (Stratagene). PG„, concatemers of n copies 
of the P 53 binding sequence PG. MG„, concatemers of the mutated sequence, which does not bind p53^ CAT, 
the chloramphenicol acetyltransferase coding sequence. LacZ, the B-galactosidase coding sequence. Py, the 
__ 15 early gene promoter from polyornavirus^ CYC, the yeas^cytochrome c gene promoter. _ 

Figure 12B. Expression vectors. CMV, the cytomegalovirus promoter from the parent vector pCMVneo- 
Bam. Gal, the galactose-inducible promoter from yeast. 

Figure 13 Correlation of DNA-binding and transactivation is shown. 

Figure 13A. Relative DNA-binding abilities of various length concatemers of a p53-binding sequence (PG n 
20 series), using an immunoprecipitation assay. Clones were cleaved by restriction endonucleases to extncate 
the concatemers, end-labelled, incubated with purified baculovirus-produced wild-type human p53, immuno- 
precipitated with anti- P 53 and protein A-Sepharose, and bound fragments recovered and separated on a non- 
denaturing polyacrylamide gel. C, control lane, containing 2% of the labeled DNA used in the binding reactions. 
B bound DNA recovered from the binding reactions. 
25 Figure 1 3B. Transactivation efficiencies of reporters containing the various PG n concatemers compared 

by chloramphenicol acetyltransferase (CAT) assay. 1 .7 ug of the expression vector p53-wt were transfected 
<into HCT 116 cells. Reporters had one orientation of the PG n sequence (...TGCCT...Py...CAT...), exceptfor PG 2 - 
CAT and PG 13 -CAT, which had the opposite orientation (...AGGCA...Py...CAT...). Results are expressed relahve 
to the CAT activity in lane 7, which was arbitrarily set at 100. 
so Figure 14 Comparison of the ability of wild-type and mutant p53 to bind to a concatemenzed binding se- 

quence (PG 16 ), and lack of DNA-binding ability to MG 15 are shown. Each p53form (as a rabbit reticulocyte prep- 
„ aration (Promega) made essentially as described in Kern, et al.. Oncogene, 6:131-136 (1991); equahzed for 
P 53 quantity by immunoblot analysis, data not shown) was used to immunoprecipitate end-labeled DNA. C. 
control lanes, containing 2% of the labeled DNA used in the binding reaction. B. bound DNA recovered from 
35 the immunoprecipitate. 

Figure 15 Effects of varying the location of the binding sequence relative to the promoter are shown. 
Figure 1 5A. Efficiencies of reporters with PG 13 separated by varying distances from the polyomav.rus pro- 
moter. Various lengths of the non-binding sequence (MG n series) were used to provide inert spacers of defined 
length (see Fig. 8A). CAT assays are shown. 
40 Figure 1 5B. Transactivation efficiency of a reporter with PG 16 downstream of CAT (CAT-PG 16 ). 1 .7 ug each 

of expression and reporter construct were transfected. The MG 15 -CAT served as a negative control. CAT as- 
says are shown. 

Figure 16. Relative abilities of wild-type and mutant p53 to activate transcription are shown. 
Figure 16A. Representative CAT assays (Exp. 2 from Table 1). 

45 Figure 16B Western blot analysis of p53 expression in lysates of transfected cells, showing levels of ex- 

pression at least as high as that of wild-type p53 were obtained with the mutant p53 clones. In one case (143**), 
the level of expression of p53 (lane 3) was slightly lower than with the other constructs, for unknown reasons. 
When 2.55 ug of vector was used in the transfection, however, the level produced by the p53-143 vector (lane 
7) was at least as high as that for the p53-wt vector, but no transactivation was observed (Table I). 

so Figure 17 Effect of co-expressed 175^ mutant p53 on transactivation by wild-type p53 is shown. 1 .7 ug 

of PG 13 -CAT reporter was used with the stated amount of p53 expression constructs. The balance of trans- 
fected plasmid was pCMVneoBam (for expressor) and pBluescript II SK+ (for reporter) to a total of 5.1 ug. CAT 

assays are shown. , „ or . , „ 

Figure 18 Dominant-negative effect of various mutant P 53 proteins are demonstrated. 0.85 ug of P 53-wt 
55 was used in all transfections. without or with the addition of 0.85 ug or 2.55 ug mutant P 53 construct, or with 
an additional 2.55 ug p53-wt. 1.7 ug PG 13 -CAT reporter was used in each case. The composite results shown 
are representative of at least two transfections done on separate days. 

Figure 19. A biochemical model for the effect of p53 mutations is depicted. Cellular P 53 exists as ol.gomers. 
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Ohgomeric p53 binds its recognition sequence of DNA (shaded thick line) and activates the transcription of ad- 
acent genes (filled box). The depiction of p53 dimers is for illustrative purposes only: tetramers and other forms 
likely occur. Hetero-oligomerization with mutant proteins inactivates the transactivation function of the partici- 
pating w.ld-type P 53 molecules, producing the dominant-negative effect of missense p53 mutations The re- 
5 ma.n.ng activity provided by the residual wild-type homo-oligomers is lost upon deletion of the remaining wild- 
type allele, a frequent event in the progression of human neoplasms. 

DETAILED DESCRIPTION OF THE INVENTION 

W hma" ? a l ^i" 9 /* thfe inV6nti0n that Wi ' d " tyPe P53 Pr ° tein binds SDecif ic fra 9 ment ° f ^man chromosomal 
DNA. Each of the fragment contains more than one monomer of the double-stranded motif 5--RRRCWWGYYY 
3- separated by 0 to 13 bp. Some of these sequences are found near origins of replication of certain animal 
viruses and animal cells. See Jelinek et al, Proc. Nail. Acad. Sci. USA, vol. 77, pp. 1398-1402 (1980) Four 
mutant forms of P 53 protein which are commonly found in human tumors do not have the ability to bind to'these 

huTaTgTnomT' ° * ^ ^ ^ mediat6d '** ^ 4 ° Wnd l ° Spedf ic DNA set > uences the 

ttl " d - tyP f pr ° te A in b i n f specifically to certain DNAsequences. Two previously isolated DNAfragments, 
called herein fragment A and fragment B, have been identified which contain residues which appear responsible 

on n In ? ' !? 9 " , reS ' dUeS IO ° ated WitWn DNA se 9 men »s which contain nucleotides 1 03-1 34 of SEQ 
20 ID NO:1 and nucleotides 104-198 of SEQ ID NQ:2. 

Fragment A contains sequences near a putative replication origin of the ribosomal gene cluster while fraq- 
ment B contains sequences that may allow adjacent sequences to replicate as extrachromosomal circles in 
tlrttl (S f ylvester ' et K al ' Gene §& 193 - l^)- The TGCCT repeat present in the DNA binding region of 
both of these fragments has been observed in other potential replication origins. Thus P 53 may be invoked in 
25 the regulation of initiation of DNA synthesis by virtue of its binding 

It has been found that p53 will specifically bind to other sequences in the human genome with similar se- 
quence motifs. Using a strategy coupling immunoprecipitation to "whole-genome PCR" (Kinzler et al Nucleic 
Acids Research , 17:3645-3653 (1989)). nineteen human DNAfragments that bind to p53 have been id'aS 

30 RRRC^rJvl 9 T entS ^TltV^lT WhiCh C ° nf0rmS l ° 3 dimer of the double-stranded motif 5- 
Sr T : by ° l ° 13 bp - Th6Se dimerS direCtly mediate bindi "9. as assessed by DNase 
* RRRrw T methy,at '°" ]»^™<* assays. The consensus dimers contain a striking symmetry, with four 
5 -RRRCW-3 units oriented in alternating directions. A synthetic monomer containing the 10 bp consensus se- 
quence ,s insufficient for binding, while the combination of two or more monomers bind strongly to wt p53 but 
negligibly to p53 mutants. Thus, more than one monomer appears to be required for binding. The spacing be- 
^r 0 ^" 1 ^ 7! ^ IT ° t0 40 nucleotides - althou 9h all natural binding sites isolated have spacings of 
™* T in?,! ' syrnmetry of the four ha| f-*ites within the consensus dimers suggests that p53 
interacts wfli DNA as a tetrameric protein. The eighteen unique clones shown in Figure 10 .How the identifi- 
cation of adjacent genes which may be regulated by p53 and may mediate its growth-suppressive action 
A sequence which conforms to the consensus sequence need not have the exact sequence of the dimer 

«> As shown in Figure 10. p53-binding sequences can have nucleotides which are different than those designaTed 

IvnZTlnl I**** nUCle ° tideS inserted within the dimer - Nucleotides can also be missing from the dimer 
Typically p53-b.nd.ng sequences will vary from the consensus sequence at no more than 5 nucleotide positions 
It is an additional finding of the present invention that wild-type p53 can activate the expression of genes 
adjacent to a speof « binding site. Moreover, the level of in vivo transactivation is proportional to the in vitro 

° , , bindii : 9 ; ^ Utant P53 enC0d6d by ° nC ° 9eniC P53 9 enes < Le " those f °- d cancer ce^oflS 
IT*? « ) ' f T P e ' y '° Se the abiMty l ° transactivat «- addition the mutant P 53 proteins exert a dominant- 
negative effect, dramatically reducing the transactivating activity of wild-type p53 

mer^i 0 " If nT*™! mfoT ™" on P53 s P ecific -DNA-binding fragment a number of diagnostic and 
therapeutic methods have been devised. According to one such method, cell lysates are tested for the presence 

In r Ce P53 by VirhJS ° f te SP6Cif iG DNA bindin 9 abilitv - As « is known for various cancers and 

Sin, 03 "/ 6 '.!, f ° n « r b ° th ° f the P53 a " e,eS in tum ° r tissues can be mutanl - tes «"9 for the presence 

the nit nf rlTlfT k ? 7? " Ca " PfOVide diagn ° StiC 3nd pr ° 9n0Stic info ^ a «°n regarding a tumor and 
he pafent. The cells to be tested are typically isolated from a tissue suspected of being neoplastic. Preferably 

is JSTh a ,H ? PreP r d 3nd iS ° ,ated S ° th3t non - ne °P |a s«c tissues are not mixed with the neoplastic 

issues, which can confound the analysis. Means for separating neoplastic tissues from non-neoplastic tissues 
are known in the art and mclude dissection of paraffin or cryostat sections, as well as use of flow cytometry 
A cell lysate can be prepared from the tumor tissue according to any method known in the art. The cell Ivsate 
is then .ncubated with DNAfragments which are known to bind the wild-type P 53 protein, under conditions Sh 
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are conducive to such DNA/protein interactions. Alternatively, a histological sample can be analyzed by incu- 
bation with DN A fragments, as described for cell lysates. 

It is known that p53 also binds non-specifically to DNA. Specific bind.ng can be d.st.ngu.shed from non- 
specific binding by any means known in the art. For example, specific binding interacts are * tha n 
non-specific binding interactions. Thus the incubation mixture can be subjected to any agent or cond.tion , which 
destabilizes protein/DNA interactions such that the specific binding reaction is the Predominant one detected 
Alternatively, as taught more specifically below, a non-specific competitor, such as dl-dC, car, be added to the 
incubation mixture, ff the DNA containing the specific binding sites is labelled and the compear is unlabeled, 
then the specific binding reactions will be the ones predominantly detected upon measunng labelled DNA. 

According to one embodiment of the invention the DNA which is bound to P 53 is separated from unbound 
DNA by immunoprecipitation with antibodies which are specific for P 53. Use of two different monod«M 
P 53 antibodies may result in more complete immunoprecipitation than either one alone. Unbound DNA remains 
in suspension. The amount of DNA which is in the immuno precipitate can be quantitated by any means known 
!n L art. According to one aspect of the invention, the DN Afragment is labelled with a detectable moiety, such 
5 - . -as a^adioactive-moiety, a colorimetric moiety or a fluorescent moiety,^ 

known in the art. According to other embodiments of the invention, P 53 which bmds to the , specf ,c DNA se- 
quence of the present invention can be detected by gel shift assays (Tan, CeJI, 62:367. 1990) nuclease pro- 
tection assays (see Example 9, infra), or methylase interference assays (see Example 9. fflSS)- 

According to another embodiment of the invention, after incubation of P 53 with specf ic bind.ng DNAfrag- 
o ments all components of the cell lysate which do not bind to the DNA fragments are 

complished, among other ways, by employing DNAfragment which are attached to an insoluble 
port such as agarose, cellulose and the like. After binding, all non-binding components car, be washed away 
leaving P 53 bound to the DNA/solid support. The p53 can be quantitated by any means known in the art. It 
can be determined using an immunological assay, such as an ELISA, RIA or Western blotting. 
5 The diagnostic assay of the present invention has applicability not only with regard to cancers which are 

known to involve mutation of P 53, but also with regard to human viruses such as human V**^™™^ 
HPV protein E6 binds tightly to wild-type but not mutant P 53. See Werness et a I.. Science, 248. 76-69 (1990). 
This tight binding is likely to block the interaction of P 53 with it specific DNA bind.ng sequences By test ng cells 
or cell extracts suspected of being infected with potentially tumor-inducing or hyperp.ast.a-.nducing strams of 
» HPV or possibly other viruses, infected cells can be identified, because the E6 protein of the infected cells w.M 
have sequestered the wild-type P 53, rendering it unable to bind to its specific DNA bind.ng sequences. Such 
assays may be performed on cell extracts or on histological specimens. 

According to the present invention a method is also provided of supplying wild-type P 53 function to a ce 
which carries mutant P 53 alleles. The wild-type p53 gene or a part of the gene may be 
35 in a vector such that the gene remains extrachromosomal. In such a situation the gene w.ll be expressed by 
the cell from the extrachromosomal location. If the mutant p53 genes present .n the eel are expressed then 
the wild-type P 53 gene or gene portion should be expressed to a higher level than that of the mutant gene. 
This is because the mutant forms of the protein are thought to oligomerize with wild-type forms of the protein^ 
(Eliyahu et al.. Oncogene, vol. 3, p. 313, 1988.) If a gene portion is introduced and expressed m a cell carrying 
40 a mutant p53 allele, the gene portion should encode a part of the p53 protein which is required for ^neo- 
plastic growth of the cell. More preferred is the situation where the wild-type P 53 gene or a part of .t is introduced 
Into the mutant cell in such a way that it recombines with the endogenous mutant p53 gene present in the celL 
Such recombination would require a double recombination event which would result m the correction of the 
P 53 gene mutation. Vectors for introduction of genes both for recombination and for extrachromosomal ma.n- 
45 tenance are known in the art and any suitable vector may be used. 

Polypeptides or other molecules which have p53 activity may be supplied to cells wh.ch carry mutant p53 
alleles. The active molecules can be introduced into the cell by microinjection or by liposomes for example 
Alternatively, some such active molecules may be taken up by the cells, actively or by diffusion. Supply of such 
active molecules will effect a less aggressive state of neoplasia, 
so According to the present invention compounds which have p53 activity are those which specf ically com- 

plex with a P 53-specif ic DNA binding site. Wild-type p53 is one such compound, but portions of P 53 which reta.n 
the ability to bind to p53-specific binding sites may also be used. Oligonucleotides and ol.gonucleot.de con- 
taining nucleotide analogs are also contemplated among those compounds which are able to complex with a 
P 53-specif ic DNA binding site. Although applicants do not wish to be bound by any part.cular theory, it is be- 
55 Eeved that oligonucleotides bind double-stranded DNA to form triplexes. Such triplexes have been shown to 
block transcription of certain genes, as well as protect the DNA binding sites from the action of enzymes such 
as DNA methylases. Although originally such oligonucleotides were thought to require only or predominancy 
pyridines (cytosine and thymine), purines have also successfully been incorporated into tr.plexform.ng oIh 
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gonucleotides Particular oligonucleotides which may be used include: nucleotides 140-162 of SEQ ID NO 2 
IS^^SIS. ° ' D 1 " nUde ° tideS 114 ' 123 ° f SEQ ' Q NO: 1 ' ° r POrti °" S ^ereo7having f; 

in th* li 9 r 0niJ t C,e0ti ? e S CQ " iai ™3 nucleotide analogs or otherwise modified oligonucleotides may also be useful 
m the forma , on of complexes w,th double-stranded DNA. For example, certain modifications toL 3'-terminus 
can be employed to reduce the susceptibility of the oligonucleotide to nuclease degradation. Moieties which 
may be appended to the 3<- or 5<-termini include a substituted or unsubstituted amino group, po^^^g y- 
tide anlT e k a H e, K d ° deC r ^ Ch ° ,eSter ° L 0,i 9°"^otides and o*^JL?JL^Z£ 
TJn 9 «Z ? ? US6d mClUde meth y | P"^Phonates, aminomethylphosphonates. phosphorothioates 
deotides Thf T' SUb , St,t ^ d ° runsubstituted Phosphoramidates, oligoribonucleotides oligod Jy ibonu 
deot des, alpha-ohgonucleotides and mixtures thereof. Other modifications to oligonucleotides may be desTr- 

such Z^T UPt t 9 "I 06 " 8 ° f nUC ' ei ° f th6 0,i 9 0 ™ c '*otides or to decrease nuclease sensitivity ^, 
such modifications are within the contemplation of the invention. 

Switchback linkers may also be incorporated into the midst of an oligonucleotide or analog Such linkers 

::2 b s y Da ^ 

We £^52 T 60 , P ° I' 0 " 3 ° f an 0,i 9° nucleotide whi <* are to interact with different strands of a dou- 
^GC?^ G rrT Thk CU8 ;. t Xa T eS ° f 0,i 9° nucleo « d ^ ^ving such linkers include the foi.owing: 
I7the lVb?^nHlH "nker-CCT-switchback linker-CTTGCCT (corresponding to nucleotides 105-125 
of the double-stranded sequence represented by SEQ ID NO:1) or portions thereof 

snJ^T^Tn " near ° r t circular oligonucleotides containing nucleotide analogs which are able to complex 
spec* icaHy w. h all or part of a p53-specif ic binding site as described above are also contemplated as par o^ 

SuU n ^a^J e ^ KOO,, ^ Ch6m - S0C - V ° L 113:625 - 626 . -'th regard to circularoitonuc^e ° 
tn Zlr ? h T 9 n e ° tide ana, ° 9S ShOU ' d COmpriSe at least about ten nucleotides in length 

nudPnt h! , reqU T SP6Cif idty With reSP6Ct 10 the entire human 9 enome - Oligonucleotides or oligo- 
as w.i t TT" 9 ana '° 9S WhiCh are 3b,e t0 COmplex «P^ifically with part of a p53 binding siS 

ILT f ?h 3 J3Cent sec,uences are also contemplated as part of the invention. The oligonucleotides or 
2r otht^ H S COntamm9 ""f ^ ana, ° 9S Wi " Preferab,y bi " d to the idenWied P 53 Ending re^TZZ 
Zl h ! w 9 re , 9,0nS th6 hUman 9en ° me may we " be found which are als ° Citable target for th e 1 
gonuc.eot.des or analogs of the present invention. These other binding sites may well be the prima/y targete 

' DoubTs^ S2T SiteS t may J n h hibit the unre ^' ated 9-wth which characterizes neoplastic ceSs 
i„«,i w , d DNA fragments wh.ch comprise a P 53-specific DNA binding site and are attached to an 
■nsoluble polymenc support are also contemplated by this invention. The support may be agaros cellu ose 
polycarbonate, polystyrene and the like. Such supported fragments may be used in screens to fdent^om 

fZ d^ ostict ' T P53 " SP n df " ° NA bindi " 9 Sit6S - SimNar,y - SUCh SUpP ° rted ^sz^s y to °^ 

form diagnostic tests on cell lysates from suspected tumor tissues. They may also be used in assays used to 
screen potential chemotherapeutic agents, as discussed infra. °e usea in assays used to 

Although any method can be employed which utilizes the P 53-specif ic DNA binding sites of the present 
partic A ularmethods •» Closed for ««^ln8far^dHlonaicompound.lliStopSSI3S 
Zr^T ' teS T A h CCOrdin9 10 °" e method a test compound is incubated with a supported DNA fragment as 
descnbed above. The amount of test compound which binds to the supported DNA fragment is dSmined 
This determination can be performed according to any means which is convenient For eTamp e the amoum 

amountT OU m W ^ rem ° Ved 8fter inCUbati0 " With the Supported can be comparedTo the 

amoun ongmally apphed. Alternatively, the test compound can be labelled and the amount which binds o he 
supported fragment can be assayed directiy. , n order to render this screening method more specif c sduble 

zz a T? s which d ° not contain the p53 dna bindin 9 se " uence can be add « d to *.^cSss? , jssr 

The soluble fragment would not have the ability to specifically bind to p53 wild-type protein 
i»t ACCOrd ' n9 to a notherscreening method for compounds to simulate the specific DNAbinding activity of p53 
Z Z P °S T- mC T ed With SUPP ° rted ^ A fragments as descnbed above. Howeve ?SSSS 
wrfd-fype p53 prote.n ,s also added to the incubation mixture. The amount of p53 protein wh ch binds to the 
DNAfragment ,s measured using methods as described above. The amount of p53 protein bound is cWared 
to the amount which binds in the absence of the test compound. Any diminution of P 53 binding whth 

liL fr 3 nmf DNAb,nd,n 9 s,tes of 'he supported fragments. Direct binding of the test compound to the binding 
site fragments can be confirmed using the assay described above. 

The presence or absence of p53 genes or gene products can also be detected in body samples such as 

EZtfS* ° f ° ther b ° dy K f,UidS ' SUCh 38 3nd SPUtUm " The Same techni ^ es discusserabo^de: 
taction of the presence or absence of gene products in tissues can be applied to other body samples By screen- 
ing such body samples, a sim P ,e early diagnosis can be achieved for many types of caLrs ^ adifon the 
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progress of chemotherapy or radiotherapy can be monitored more easily by testing such body samples for the 

Dresence or absence p53 genes or gene products. 

tZ methods of the present invention for diagnosis and therapy of neoplastic tossue is applicable across 
a broad range of tumors. These include lung, breast, brain, colorectal, bladder, mesenchyme, prostate, Inter 
5 as well as stomach tumors. In addition the method may be used in leukemias and osteosarcomas It thus ap- 
pea's hat !Tp63 gene has a role in the development of a broad range of tumors. The methods of diagnosis 
and therapy of the present invention are applicable to any tumor in which p53 has a role in tumongenesis. The 
diagnostic method of the present invention is useful for clinicians so that they can decide upon an appropriate 
course of treatment. For example, a tumor displaying loss of both P 53 alleles suggests a more aggress.ve ther- 
10 apeutic regimen than a tumor displaying loss of only one p53 allele. _ fVW 
Compounds which have P 53-specific DNA-binding activity, including wild-type P 53 protein, polypeptides 
corresponding to portions of wild-type p53 protein, oligonucleotides and oligonucleot.de containing nucleotide 
analogues, as well as other organic molecules can also be administered to humans and animals as a pharma- 
ceutical and therapeutic composition. Effective amounts will be administered to cause neoplastic cells to be- 
.,5---come.less.aggressively.neQp^ 

amounts will be in the range of 10 ng to 10 ug per dose per person or other animal. The therapeutic compounds 
can be prepared in any conventional pharmaceutical excipient, such as physiological sal.ne or other phys.o- 
logically compatible aqueous buffer. Typically, the compounds will be administered by injecfon, either intrave- 
nous or intramuscular. However, other administration methods as are known in the art and may be used to ad- 
20 minister the compounds of the present invention. . . . . 

As a result of the discoveries of the present invention, screening methods can be devised to isolate chem- 
ical agents which may have use in cancer therapy. Specifically, agents can be screened for »J. ab *y «?* f *« 
the structure of mutant p53 molecules so that their ability to bind and/or transactivate , at .specif .c-DNA-bmd.ng 
sites is restored The necessary components for such a screening method are provided by this invention and 
25 fndude DNA molecules which contain more than one monomer of the sequence RRRCWWGYYY, and mutant 
p53 proteins which are found in tumors.1' 

One such prescreening method is a binding assay in which the amount of binding of a P 53 mutant prote.n 
to a DNA molecule which comprises the consensus binding site (or a conforming sequence) ,s measured. The 
amount of binding is also measured for a P 53 mutant protein in the presence of a test substance. I f he test 
30 substance increases the amount of p53 binding, then the test substance ,s a cand.date for use in ant.-tumor 
therapy. Further testing will be desirable before use in humans is attempted. . 

Methods for measuring the amount of binding can be any which are known in the art. See e.g Tan, et a I 
Cell 62 367-377 (1990). One particular method employs immunoprecipitation. Briefly, purified p53ora lysate 
oWc"ell expressing P 53 is incubated with radiolabeled DNA and anti- P 53 antibodies under conditions where 
35 proteins bind to DNA. Protein A-Sepharose and poly-dldC-poly-dldC are then added for an additional incuba- 
tion. A pellet is formed and washed and the proteins are removed by digestion with a protease and DNA is 
obtained by phenol extraction. The extracted DNA is then analyzed by electrophoresis and quantified. Quan- 
titation of the DNA can be by autoradiography, for example. The amount of DNAimmunoprecpitated is propor- 
tional to the amount of binding of the p53 protein to the DNA. 
40 According to another method, the ability of a mutant P 53 protein from a tumor to transact.vate transcription 

in vitro is assessed with and without a test substance. If the test substance increases the amount of transcription 
Activated by the P 53, then the test substance is a candidate for use in anti-tumor therapy. Transcnptional ac- 
tivation is measured using a transcription construct which comprises a reporter gene encoding a convenient 
assayable enzyme activity, such as chloramphenicol acetyltransferase or p-galactosidase, and an upstream 
45 P 53 consensus binding site (or a conforming sequence). The binding site must be upstream, although the dis- 
tance from the start of transcription is not critical. The binding site, which is adjacent to the reporter gene, may 
be from 0 to 1 kb upstream, in vjtro transcription assay systems are well known in the art. See, e.g.. Lue, &C£ 

§n5 AcSdfn 6 g 1 to ttill another method, transcriptional activation can be measured in a cell containing a mutant 
so P 53 protein which has been transfected with a reporter gene construct comprising a gene encod.ng an assay- 
able product, such as an enzyme or antigen, with a P 53 consensus binding site (or conforming sequence) ad- 
jacent and upstream therefrom. The transfected cells are treated with a test substance. If the amount of trans- 
activation caused by the mutant p53 is enhanced by the test substance, then the substance is a candidate for 
anti-tumor therapy presumably due to its interaction with the mutant protein. A particular transaction assay 

1/ Not all mutations in P 53 destroy specific-DNA-binding ability. For example, mutations in phosphorylation 
sites of P 53 have been made and tested; they retain binding activity. Such mutations have never been found 
in tumors. Mutations in p53 which are found in tumors are termed oncogenic herein. 

9 



BNSDOCID: <EP 0618650A2J_> 



EP 0 518 650 A2 



10 



15 



20 



30 



35 



45 



50 



55 



url Sl nT t SSay> iS d6SCribed ExamP ' e 12 ' ^ Particular reporter constructs are shown in Fig- 
wfd ^ h w^k ! US Withi " the SC ° Pe ° f thS invention - A'tematively, if the transfected cell contains 
In dim '" ,S ,I ed aCt,Vat '° n W0Uld indiC3te that test substance c ™P*es with p53 for binding sites 

Inanottier embodiment of the invention, oligonucleotides can be isolated which restore to mutant p53 pro^ 
terns the ability to b.nd to the consensus binding sequence or conforming sequences. Mutant ^ protein Z 
random oligonucleotides are added to a solid support on which P 53-specific-binding wJ^S^it? 

to thf s ^? ,90niJ , C,e °H tideS : h,Ch bind t0 S0 ' id SUpP ° rt are recovered and a -.yzed. ThoVe^hose bTd ng 
to the sol d support is dependent on the presence of the mutant P 53 protein are presumptively binding the sud 
port by binding to and restoring the conformation of the mutant protein um P™eiy b.ndmg the sup- 

Trans.ent expression constructs are conveniently made on plasmids and viral vectors so that thev can be 



EXAMPLES 
Example 1 



Jn l 1 f > T n f 5 th8 screenin 9 methods ""d to identffy a P 53 sequence-specific binding site 
serein^ ^ ^ * Ending site, numerous cloned DNA sequ e nces were 

screened using an .mmunoprecipitation technique. The immunoprecipitation assay for DNA-binding was wZl 
-ed from R.D.G McKay, J. Mol. Biol. 145. 471 (1981). Binding reactions included 5 ul of vlcinia-.nfTcted ceJ 
lysate or punfied baculovirus p53 preparations, 95 p| binding buffer (20 mM Tris p^ 7.2, 100 S NaQ 10% 

*E£L ' 5 mM EDTA) ' 6 " 2 ° X 104 dpm ^felled DNA, 4 M l (0.4 M g) P Ab421 and 4 d £ 4 «a 

pAb1801 an*-p53 purified monoclonal antibodies (Oncogene Science), at 4<>C for 30 min 1 mg ISeln A 
25 Sepharose Sigma) and 12.5 ug poly-d.dC-poly-dldC (Pharmacia), in 25 ul binding buffer, were a^Ld and the 
reactions rotated end-over-end at 4°C for 30 min. The pellet was washed Lee with binding buf fer and the Dm 
terns digested with SDS-proteinase K, then extracted with phenol and ch.oroform. The DNA was ethanolp ^ 
apitated and d.ssolved in electrophoresis sample buffer. The fragments were separated on a Tns borate noT 
denaturing polyacrylamide (7, 10, or 12%) gel. The gel was fixed and dried for autoradiography 

scribed^Trr n V' a t CC, . ni ? 7 USes « x P ressin 9 P 53 f ™ 40K promoter were iso.ated and purified as de- 
scribed in J. Lyons et al., Infec. and Immun. 58, 4089 (1990). 

a,oyo?°I. nia ~ infeCted Ce " lySatSS W6re P re P ared as follows: the indicated cells (about 2.5 x 10?) were infected 

P^SF lO ^fT 6 ^ ^ " 2 ^ ' ySiS bUffer (PBS C ° ntaini "9 EDTA, 0 5 K S 

t A™ ^ , K ' 1 U9/m ' apr0tinin ' 10 tx9/ml inhibitor - 1 H9/ml leupeptin). Cell debris was pelleted 

-K^^ - — P s ^ozen in ali^SS 

S>c 7 ? IT' , the P resen <* °f an accessory cofactor in the purified preparation cannot be excluded 
« S?SSKSST e,eCtrOPh ° reSiS ° f ^ PreparaU ° n """" «* a PO'VPeptide migrati^ at5 d 3 
Two classes of clones were tested. The first class consisted of 400 clones containing inserts of 300 to 1 000 
clonts T K ,ned rand ° m,y ^ hUman 9en ° me - The second c,ass c °"-^ed o ismi and^aZ 

Suman oJZ CO " tained SeqUe " CeS Whi ° h mi9ht be im P° rtant in ™™> »nS random 

human genomic clones were prepared from a partial Mbol digest of human DNA; 300-1 000 bp fragmente were 
punf ,ed and ligated to EcoRI linkers, then cloned into the EcoRI site of pBluescnpt II (Strategene? QoTeHe 
lected because they might be important in norma, growth included SP65hFosAva2, £ta2E£S2£ ^ 

Re^ m^S '( 989» from C SST* ' "* T ° f Lambda 5R Misra ' et al - Nucl - ^ 

^^s^^r^r™ from hamster ce,,s (b a — - j ™- 

Each clone was digested with an appropriate restriction endonuclease, end-labelled with *P and incubated 
Tfoll ? T 3 i yS h ate ° f Ce " S infe ° ted With 3 vaccinia virus exposing pM^h^S 

bodlsaga SfSfj 5? ""r 6 ^ by °P-'^ation wiS monoclonal 

oodies against p53. Of the more than 1400 restriction fragments tested, only two bound reproduciblv to o53 

TZ TA>Tnd n aT 9 0b COnditi M S «T 3 ^ b3SePair Hinfl fr39ment < fra9ment A ) of cl^ne 772 C Pa^ 
2, F,g. 1 A), and a 190 basepa.r Hinfl fragment (fragment B) of clone Lambda 5R (Panel 3, Fig. 1 A); these frag 

10 
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ments bound to a far greater extent than any of the other labelled fragments of larger or smaller size present 
in the same assay mixes. 

Example 2 

This example demonstrates that the immunoprecipitation of fragment A is dependent on both P 53 protein 

3,1(1 Th^mmuXrecip^ation assay was performed on fragment A as described in Example 1 . Cell I lysates were 
produced by infection with vaccinia virus that did or did not contain an insert of wild-type P 53 DNA. Either anti- 
p53 antibodies were used or normal mouse IgG was used. 

Lysates from cells infected with wild-type vaccinia virus (devoid of p53) were not able to specially . m- 
munoprecipitatefragmentA(Fig.1B). Similarly, the detection of the precipitation of fragment A was dependent 
on the presence of anti- P 53 antibodies (Fig. 1 B). The binding was evident in lysates prepared from erther human 
HeLa cells or monkey BSC40 cells infected with vaccinia virus and expressing wild-type p53 (Fig. IB). 
- - - Affinity-purified baculovirus-produced.wild.type p53 protein was substituted for the vaccmia-infected cell 
lysates in the immunoprecipitation assay and found to bind fragment A strongly (Fig. 2A). This suggested hat 
the binding to fragment A was an intrinsic property of the p53 polypeptide and not dependent on other factors 
present in the vaccinia virus-infected cell lysates. 



20 Example 3 

The example demonstrates that p53 mutant proteins found in human tumors fail to bind to fragment A. 
Increasing quantities of wild-type and mutant 273"* P 53 protein, affinity purified from a baculov.rus ex- 
pression system, were used to immunoprecipitate labelled fragment from C 8E . See Fig 2A The proportion of 
fragment Abound to wild-type p53 protein increased in tandem with the amount °fP53 added to the : assay fix- 
ture (Fig. 2A) In contrast, fragment A did not specifically bind to a mutant form of P 53 (273-) protein even at 
the highest p53 protein concentration used. The 273"* mutation is the most common p53 mutant identified .n 
human tumors. Another P 53 mutant (175^) protein commonly found in human tumors alsofa.led to b.nd to frag- 
ment A (Fig. 1B). 



25 



30 



Example 4 

This example def ines the particular sequences within fragment A that allow it to bind to wild-type P 53 pro- 

,5 Fragment A was subcloned, and the 259 bp insert from the subclone (10d. SEQ ID: 1 and Fig. 3 A) bound 

to P 53 as expected. A strategy based on the polymerase chain reaction (PCR) and restriction endonuclease 
digestion was used tp generate subfragments of this clone. ,,_„ ti „„ 
One primer for each PCR was labelled with *2 P at the 5' end with T4 polynucleotide k.nase in a 5 ul reaction 
and the kinase inactivated at 70°C for 5 min. PCR contained 350 ng of each of the appropriate pnmers and 

«> approximately 50 ng plasmid template in a 50 u. reaction, using 25 cycles and the PCR conditions ^specrfied 
in Baker SJ, et al., Cancer. Res., 50:7717 (1990). The products were extracted with phenol and ch oroform, 
ethanol-precipitated. and dissolved in 3mM Tris, 0.2 mM EDTA prior to binding. Subfragment 1 contained bp 
1 to 425 of subclone 1 0d of fragment A (Fig. 3A); subfragments 1a, 1b, 1c, 1d, and 1e were generated by oV 
gestion of subfragment 1 with BamHI, Mbol, Hindlll, Hindlll, and BamHI, respectively, from fragment 1. Sub- 

45 fragment 2, contained bp 283 to 425. Subfragment 3a was generated by digestion of ^fragment 3 <b P 106 
to 294) with Hae III. Subfragment 4a was produced from subfragment 4 (gp 1 to 141 ) by Hind ir d.ges .on^Sub- 
fragments 5a and 5b were products of the Hae... digestion of subfragment 5 (bp 

ments 5mut1 and 5 mut2 were produced using primers P3m. (5'-GAAAGAAAAGGCAAGGCCAGGAAAGT-3 ) 
and P3mut2 (5'-GAAAGAAAAGGCAAGGCCATJAAAGT-3') and were identical to subfragment 5 except for the 

so positions underlined in the primers. Subfragment 6 contained bp 106 to 138, and the insert was excised by 
restriction with Hindlll and BamHI to generate 6a or with Hindlll and EcoRI to generate 6b. Subfragment 3, in- 
cluding basepairs 106 to 294 (Fig. 4B, panel 2) bound well to P 53 as did subfragment 4 containing basepairs 
1 to 141 (Fig 4B, panel 3). This and similar assays done with additional subfragments (F.gs. 4A and 4B) local- 
ized the critical sequences to basepairs 106 to 141. This segment contained three repeats of the sequence 

ss TGCCT (Fig. 3A). Digestion of subfragment 3 with Haelll (cleaving between bp 1 25-1 26 and removing two o 
the TGCCT repeats) greatly reduced this binding (Fig. 4B, subfragment 3A, panel 2), suggesting that a critical 
sequence lay at or near this restriction site and that a single TGCCT repeat was not sufficient for binding. Ad- 
ditional subfragments were tested (#5, bp 87 to 141 , Figs. 4Aand 5B; #6. bp 106 to 138, Figs. 4Aand 4B, panel 

11 
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4), and it was established that a 33 bp insert containing three TGCCT repeats provided binding capability. 
Example 5 

This example demonstrates that certain G residues are critical for binding of p53 to fragment A 

say Products* ISSZT? b !T din9 3t ^ Sin9le nUCle ° tide ,6Vel USi " 9 a meth * lation interference as- 
ms B^££ L abelled at ° t n f end were 9 enerated ^ing primers labelled with T4 polynucleotide kinase 

edlor^lhS' Tr ?™ PCR punfied by Po'V^V^de gel electrophoresis, elut- 

k ? f fl CS 500 mM ammonium aceta te. extracted with phenol and chloroform and precipl 
f Intf PP p , X h ° f K DNA W3S methy ' ated 3t 9Uanine residues usi " 9 climethylsulfate as described 
LaboraC'l983 o 4^ 2T T' M f c " la ^.onin q; A Laboratory Man,,,,, Isted" Cold Spring Harbor 
Laboratory, 1983, p. 477), ethanol-precipitated and dissolved in 10 ul 3 mM Tris, 0.2 mM EDTA 0 5 ul was 

rcTnfa infeSL c ^, CO T OL ^ ^ * * ^ ^ bacu.ovirus prILed p53 or 

oheno c "nS ,° prec,p,tated DNA was P urif by SDS/proteinase K digestion, extracted with 

phenol-chloroform, and ethanol-precipitated. The control DNA and precipitates of bound DNA were cleaved 
w,th p.pendme at the methylated sites. Equivalent amounts of labelled DNA were loaded and separated on a 
denaturing polyacrylam.de (14.5%) sequencing gel, which was fixed and dried for autoradiography Subfraa- 

binding to P 53. The bound DNA was then cleaved with piperidine at methylated residues and separated by elec- 

^^Zli^TTi 9e l" ^ ° f ° ne Str3nd (Rg - 5A ' ri9ht) ^"^ated that methylation at the G 
ZI J» S ' 9n,f ' Cant ' y : nterfered w,th bindin 9- °" the opposite strand (Fig. 5A, left), the most effective Inter- 

Zcec TtTlTtT *? ^ K y, ? i0n 3t G reSidU6S 31 bP 11 7 ' 121 ' and 122 - Partial ^erference was also P ™- 

oinoo^L on^nf t r T!%$JT (tP 110 " 112 ' 114> 3nd 115) " ThuS ' the meth * ,ation interference assay 
pmpomted one of the central TGCCT repeats (centered at basepair 121) and adjacent basepairs as critical for 

To obtain independent evidence of the specificity for the G residues identified by methylation interference 
ffl yjtro mutageneses was used. A DNA fragment was generated that was identical to subfragmen 5 ex^S 

£ A T ' 12 ,°h 121 ' 122 WitH T r6SidUeS - Thfe " mUtant " 3"bfragment( # 5mut2) bind poo I 
2 Sf wis Ln LIh^ 6 " ' dentlCa 1° Subfra9ment 5 exce Pt a single basepair (T substituted for G at bp 
120) was then tested. Th.s fragment (#5mut1 ) also did not bind appreciably (Fig. 5B). 

Example 6 

This example defines the region of fragment B which is important for p53 binding 

repeals oTfhe ^G^CT 8 ^'; 61 ' fT*! V, ^ 38 "* SE ° ,D N ° :2) " ,nt eres«ngly, this fragment had two 
repeats of the TGCCT motrf (centered at bp 1 35 and 1 52). A PCR strategy similar to that used for fragment A 
was used to demonstrate that a 95 basepair subfragment (bp 104 to 198), which contained both Se e 
peats, was sufficient for binding (Fig. 4B, panel 5). 

Example 7 

m J,^ examp,e fl f nows that expression of the wild-type p53 gene in human colorectal carcinoma cells dra- 

T't JT I 9 H OWt h h K and that 8 mUtant P53 96ne C '° ned fr ° m a human colorec ta. carcinoma was n- 
capable of exerting such inhibition. 

have T e^htr 0 ni?o r n Ci T a H lineS T SW837< WhiC " are tentative of 75% of colon carcinomas. 
mlLr ? ? c ° neCQP l °; c o h ;°mo S ome 17 P (including the P 53 gene) and the remaining p53 allele is mutated 

\ t \ T° e 44 ' 217 <1989); Nigr ° Gt a,< Nature 342 ' 705 < 1989 »- The SW837 line contains an ar- 
l n n! °, h y T ♦ m T° n at COd ° n 248 (Ni9r °' S«Ba)- The SW480 line stains two point mutations a - 
1^8 and 273 T^ZToZll' V ? " °° d0n ™ ^ ^ The Substitutions at 

(N^gro sS tUm ° rc ' ° CCUrrin9 Withi " ° f the f ° Ur mUtati ° n " h0t Spots " 

n»„H F ° r t f 6 transfection studies - we constructed a vector, pCMV-Neo-Bam, engineered to contain two inde- 
pendent transcription units. The expression vector pCM V-Neo-Bam was derived fTom plasmid BCMGNeo-ml^ 

lao IT" 3 ' ' EXP - M ,f d - 169 ' 13 (1989) by eXCisi ° n ° f the human beta 9'° bi n sequences and bov ne 
pap, oma virus sequences with Bam HI and Not I. Next, the interleukin 2 (IL-2) sequences present at the uZe 
Xho I site were removed, and the Xho . site was changed to a Bam HI site by linker addition The vector induded 

and o7Z£ Z 7 WhiCh COU ' d driVS eXpreSSio " 0f * e insert at tne Ba ^ H. site, and spring 

and polyadenylat,on sites derived from the rabbit beta globin gene, which ensured proper processing of Z 



12 



EP 0 518 650 A2 



10 



-15- 



20 



25 



. .u ii* a rt RR^99 nrinin of reDlication and p-lactamase gene facilitated growth of the 
cell types (Table 1). 

Table 1. Colony formation after transaction with wild-type 
and mutant P 53 expression vectors. For each experiment, one or 
two 75-cm 2 flasks were transfected, and the total colonies 
counted after 3 to 4 weeks of selection in geneticin (0.3 
rag/ml). Exp. experiment. 



30 



Cell line 



Mo. of geneticin-resistant 
colonies formed 



Exp. 



pC53-SCX3 
(mutant) 



pC53-SN3 
(wild- type) 



35 



40 



SW837 
SW480 
RKO 

VAC0 235 



1 
2 
1 
2 
1 
2 
1 
2 



754 


66 


817 


62 


449 


79 


364 


26 


1858 


190 


1825 


166 


18 


16 


26 


28 



45 

In 



50 



55 



,n both SW837 and SW480 ce,.s, the number of ^^^^^i ™** 
<withouta P 53cD N Ains = ^ 

type P 53 expression were truly inhibitory to ^ with the mutant P 53 

P 53 expression in the colon.es that d.d form would be educed * MQ |jnes and 

cDNAconstruct. To evaluate th.s .ssue, we expanded J amount of p53 mRNA expressed 

ribonuclease (RNase) protection analyse was ^^.J^^^J^L transection with the pC53- 
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done,. M of «,e p 5 3-exp,easln g clones SeXed from »L pc 5 1 SCXSMnX,? ^"r" 0 * 8 °" 
.ho exogenous p5 3 gone ,F ig . , B) . ,„ conlras,. ,„ m 2. ^^^SST.S^ a^?" 0 ' 
exogenous p53 sequences were deleted or rearranged (Fig 6B) PC53-SN3 kanafeonn, the 

in colonies derived fron, toe -Z^Sff^lStS^J 78?"^' * '"^ °™ 

and 7A). Irmnunoblot analysis sho^edTa, .h.™ »2 » ~ fj^f " enao « en ~ s P 83 «* 

cell line (RKO). RKC * were obtaTed h Zh T C ° nStriJClS ' We StUdied a " additional colorectal <*'cinoma 
^mutation with^ 

of p53 mRNA compared to norma, colorectal mucos Tor he "heroes studied 'T?^ 
amount of protein. studied and did not produce detectable 

ceiS^ ce,,s t- similar to those in SW480 and SW837 

pared to the mutant p53 ^STnSa ? V^nlTnT^ T- B ^ aff idenCy Com - 

cells was done as follows app^maSJ 5 x' deteCti ° n ° f p53 pr ° tein in ^nsfected RKO 

for 1 0 min in formalin and pe meSSd for I Jl o^jZ^^ ^ ^ S ^^ -««■ «*- 
human p53 protein (Ab1801) in combTna °o n w 7tM n ^ 

was used for immunochemical detect on ^p^^^TT T^S*** LaDOratories >' 
Ten to 20 randomly selected microscopic II^^SS^^'^^^- (1986)) " 
with the greater stability of mutant comoared to wMrf X~ n« , sl.de These observations are consistent 
Cell Biol. 8, 531 (1988)) However transient !pm P Pr ° te ' n n0ted P reviouslv ( c *- et al., Mol. 

- pro t ein. ^raSe:,^ ~» - 
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Table 2. immunocytochemistry and [ 3 H] thymidine incorporation 
of transfected RKO cells. 



Percent of cells Percent of cells 

expressing p53 incorporating 

[ 3 H] thymidine in 



Plasmid 





protein 


at 




6 


24 


48 


96 


hrs 


hrs 


hrs 


hrs 


1.0 


11 


4.3 


2.0 


1.9 


5.2 


0.3 


0.2 



p53 p53 non- 

expressors expressors 



pC53-SCX3 1.0 11 4. J a.u 24 31 

PC53-SH3 1.9 5.2 0.3 0.2 1.7 33 

These results a,, suggested that wi.d-type p53 exerted an inhibitory effect ^^SiSSSSS cells 
in vitro. To evaluate whether this inhibitory effect was cell type-spec.f.c we 

In contrast to the results seen with SW480, SW837, and kisu cans. m. w k 

i foi kiK7 iriA^ f 1989V Elivahu etal., Proc. Natl. Acad. Sci. USA, 86, 8763 (lyoyj. 
more advanced stages of colorectal tumongenesis. 
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Example 8 

Thii 
in vitro. 



50 



55 



ms example demonstrates the identfricafon of human genomic fragments that can bond to wt P 53 protein 

al. (1989), Nucleic Acids Research 17 S ^ ? PeC ' a " y deSigned ,inkers < Kinzl <* et 

allow fcr Lb^uant^^^ ^^o^h^H 6 * ^ (1990) ' M °' 8C - Ce "- Bio ^ 10:634-642) to 
and precipitated with at^^l^^T^ 9 '/^ d 9en ° miC ° NA W3S then incubated with wt P53 
complementary to the '££ HlSJI^ •"J* 8 **"* * PCR using primers 

Pitation and PCR, the am^ied and se^c e (AS ^AwS f^Ta™ ^ ^ P rec, 

man genomic DNA were incubated with 100 no rfLfT' '- 1 Tw ° hundred ng of " Catc h"-Hnked hu- 

(Fnedman, et al. (,990). ^^^^£TTS^^ B ^ * ^ ^ 38 
below. After 4 rounds of IP and PCR th» aThma ^ 9275 ' 927 ^- and 'mmunoprecipitated as described 
Lambda Zap .1 or pB.uescript I ^SK + %l taae nT T-h "T? EC ° R ' 3nd C '° ned int0 either the vm*r 
binding. In panel B <^S^££2^ ^ ^ Picked at random and tested P*> 
For IP (McKay, et a. (1 981 ) J Mol ^ 1 4^71 *™ 1"™* E °° W a " d end - |abe '<* * Klenow fill in. 
virus- P loduce y d J^^^^^^'^^.'T "T™ 1 °° " 9 
containing 1 00 mM NaCI 20 mM TrisTn? n n 7nv 1 , ? ! ° m ' nUteS ,n 1 00 » l of " D NA-binding buffer" 

^s^^TaZfeu^t rT '* b ° und 10 p53 - E "^ tes °< "» 

b»nd to p 53 . cio ne N £n,,in« wl""* " !' C> 'T'" 8 3 Sl " 9 ' e Se " on,ic ""» m "« <" 202 bp *Lh 



Example 9 



This example demonstrates the localization of p53 contacts with bound DNA fragments 

of G resides o^^SS^SZ Tn tteZlt TST ^ * P53 ^ 9) ' Methy,ati0n 
217, 22, 227 to 229 and 233 of he £fl hn <f erence w,th lp - For example, methylation at nucleotides, 

this fragment to p53 (5? 9 foo print nZenZl T* " 83 °° mpWa,y '' nterfered with the ° 
at the I ^aa£S£^£2Z %?£tf£ 23? ^236 StT" ^ ^ 
labelled DNA fragments were first subiect to IP tho„ S I t' ^ £ ' 6 (Fig - 9> footprint 1 >" For Dp . 
N22, P 53 binding provider P rotecln S < ° f ° NaSe 1 F ° r done 

ay.ate, mM EDTA. pH 8.0 and 5 nl of 10% dimethylsulfate/90% ethanol for 5 minutes at 
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20°C to methylate G residues. Fifty ni containing 1.5 m Na-acetate, 1 M B-mercaptoethanol and 60 ng of gly- 
cogen were added. The mixture was ethanol-precipitated, washed, and resuspended in 5 ul of 3mM Tr.s, 0.2 
mM EDTA pH 7 5, and allowed to bind to wild-type P 53 as described in the legend to Figure 1. After IP and 
DNA purification, the samples were incubated with 1 00 ul of 1 M piperidine at 90°C for 30 minutes. The samples 
were then dried under vacuum and separated electrophoretically on a 6% polyacrylamide sequencing gel. The 
control DNAsamples were carried through all incubations except no P 53 was added. For these control samples, 
the protein A Sepharose pellets were treated with SDS and proteinase K without removal of the supernatants 
(which contained the labeled DNA in the absence of p53). , 4 ,-• 

For DP assays end-labeled Defragments were immunoprecipitated as described in the legend to Figure 
8 The protein A Sepharose pellet were incubated for two minutes at 25°C with 200 ng DNase I in 5 mM MgCI 2 . 
After purification of the DNA, as described above, samples were separated by electrophoresis on sequencing 
qels and loaded as described above for Ml. Ml was performed on all 18 genomic DNA fragments which bound 
to P 53. DP assays were performed on 1 3 fragments and the regions of protection uniformly coincided with those 
indicated by the Ml assays. 
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Example 10 

This example analyzes the sequences of p53-bound DNA regions. 

We next compared the sequences of the twenty-three clones. The average insert sequence was 307 bp 
20 (range 1 39-470). We found that ten of the twenty-three clones were not unique, showing at least one hundred 
contiguous nucleotides identical to one other clone. Thus, the twenty-three clones represented only eighteen 
independent genomic DNA fragment. We attempted to find similarities among these eighteen fragments by 
computer methods, but found no significant relationships. However, when we aligned the reg.ons involved in 
P 53 binding (as assessed by Ml and DP), a striking and consistent feature of the clones became apparent (F.g^ 
25 10) Each of the binding sites contained two copies of the 10 bp motif 5<-RRRCWWGYYY-3<. separated by 0 
to 13 bp One clone (S592) contained two separate areas of footprinting, and both regions contained a d.mer 
of the 10 bp motif (Fig. 10). In all clones, the regions displaying DP and Ml were always centered within the 
dimers and G residues within the 10 bp motif strongly interfered with binding to p53 (examples in Fig. 9). The 
1 0 bp consensus monomer contained an internal symmetry, with two oppositely oriented half-sites of the form 
30 5'-RRRCW-3' This symmetry was extended in the dimers, which contained four half-sites oriented .n alternat- 
ing directions, forming a pseudopalindromic structure, sometimes with an intervening loop. This consensus 
dimer was also recognized in the P 53 binding sequence mapped within plasmid CBE1 Od (F.g. 10). Despite the 
remarkable symmetry noted for all P 53 binding sequences, none of the genomic sites were palindromic. 

35 Example 11 

This example demonstrates that a dimer of the consensus motif is required to bind p53 and that mutant 
p53 proteins found in tumors do not bind to the consensus sequence. 

To determine if the 10 bp consensus monomer could bind to P 53, a synthetic oligonucleotide (5-AGG- 
40 CATGTCT-3') containing the consensus sequence was studied. Oligonucleotide duplexes were tested e.ther 
directly or after cloning into plasmid vectors. The monomer was found not to bind to P 53, either alone (not 
shown) or flanked by 43 nucleotides of plasmid sequences (Fig. 11 A, lane 5). In contrast, the dimers (composed 
of two copies of the monomer arranged in head-to-head, tail-to-tail, or head-to-tail orientation), each bound 
strongly to P 53 protein (Fig. 11 A, lanes 1 to 4, 6). Higher-order oligomers of the monomer did not b.nd any better 
45 than the dimer in the IP assay (Fig. 1 1 A, lanes 6 to 8). A different monomer, still fitting the consensus sequence, 
but perfectly palindromic, also bound as a dimer but not as a monomer (Fig. 10, synthetic oligonucleotides 3 4). 
Two variants of the consensus motif were also tested for binding. In the first, the two critical G:C bps at position 
4 and 6 of the monomer were substituted with A:T bp's (Fig. 10, synthetic oligonucleotides 1 .2). Although this 
sequence was perfectly symmetrical, it did not bind to p53 either as a monomer or as a dimer. We also tested 
so direct repeats of the 5'-PuPuPuC(A/T)-3' half-site, and found that these did not bind to p53 (F.g. 1 0, synthet.c 
oligonucleotide 5). Thus, the mirror-image symmetry of the half-sites within the 1 0 bp consensus monomer was 

critical for its activity. " ... 

Finally we tested p53 mutants representing each of the four "hot-spots" frequently altered in human can- 
cers ((Nigro, et al. (1989), Nature , 342:705-708, and Holstein, et al. (1991), Scjence, 253:49-53) for ability to 
55 bind to the consensus dimer. None of the P 53 mutants bound appreciably to this sequence (F.g. 11 B) under 
conditions where the wt protein bound strongly. These experiments also showed that in vitro translated p53, 
as well as that purified from baculovirus-infected insect cells, had the capacity to bind DNA specif .cally. 

In summary, a set of human genomic DNAsequences which could bind p53 were isolated and used to de- 
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fine a consensus binding sequence for p53. The symmetry of the four half-sites within the consensus dimers 
suggests that p53 interacts with DNA as a tetrameric protein. This is consistent with studies suggesting that 

?S iht ° homotetramers < Krais - et al - < 1 9 88), J- Virol .. 62:4737-4744, and Weinberg (1 991 ), Science . 
254 . 11 38~ 11 46). 



Example 12 



This example demonstrates that intact p53 can activate expression in human cells 
We first made reporter plasmids (PG n -CAT series) containing part of the polyomavirus early promoter and 
the CAT gene located downstream of DNA sequences which could bind to p53 jn vitro (Figure 8) For the CAT 
reporters, concatemers of the P 53-binding region of Cb E were formed by ligation of complementary oligonu- 
cleo .des, hgated into the EcoRV site of pBluescript II SK+ (Stratagene) to form the PG n and MG„ series The 
Bglll-BamHI fragment of pPyOICAT (Murakami, et al. (1 990) Oncogene . 5:5), containing the polyomavirus early 
promoter and the CAT gene coding region, was ligated into the BamHI site of the PG„ and MG n series clones 
to form the PG„-CAT and MG n -CAT series, and the orientation of the inserts characterized by restriction enzyme 
analysis^The PG 9 -MG n -CAT and PG 13 -MG n -CAT series were formed by excising the Hindlll-Sall fragments of 
rt, 9 -OAT and PG 13 -CAT, blunt-ending, attaching Xbal linkers, and ligating into the Xbal site of the MG -CAT 
senes plasmids (where n=1, 5, 10, and 15). For the yeast 0-galactosidase reporter plasmids, PG and MG se- 
quences were ligated as Sall-Smal fragments to the Sail and f illed-in Xhol sites of pCZ (Buchanan, et al. (1 988) 
Mo -f Q e " B ' Ql - 8:50806). The construction of the p53-wt expression construct has been described (Baker et 
al. (1990), Science , 249:912); the mutant expression plasmids were constructed similarly from the previously 
described cDNA plasmids (Nigro, et al. (1989), Nature , 342:705, and Kern, et al. (1991), Oncogene 6" 131) or 
in the case of the eng.neered phosphorylation site mutants, by in vitro mutagenesis (Altered Sites Promega) 
with vesication by sequencing. The construction of the yeast p53 expression vectors based on pRS314 has 
been described (Nigro, et al., Mol. Cell Biol, (in press)). 

nf JfL P^" d i ng se( ? ue nces, we used a series of concatemers of the oligonucleotide PG <5'- 
CCTGCCTGGACTTGCCTGG-3'). This contained the binding region of plasmid C 8E , previously shown to bind 
P53 in vitro. The reporter and an expression vector coding for the intact human wild-type protein (p53-wt) (Fig 
12B), were transfected together into the human colorectal cancer cell line HCT 116. This line makes low amount 
of apparently wild-type p53 protein. 

Exons 5-8 of the p53 genes from HCT 116 cells were amplified by PCR and sequenced as described in 
Sidransky et al. (1991), Scjence, 252:706. Previously, these exons had been shown to contain over 90% of the 
mutations observed in human tumors. No mutations were observed from HCT 116 cells. Small amount of ap- 
parently wild-type protein could be detected in Western blots of HCT 116 protein (See Fig 16B) 

The intact wild-type p53 protein was indeed able to activate transcription (Fig. 13). We found that the level 
of transactivation of the CAT gene depended on the strength of binding to p53 of the upstream sequences Thus 
the longer the number of PG repeats, the greater the binding to p53 jn vitro (Fig. 13A) and the higher the CAT 
expression in vivo (Fig. 13B, lanes 1-7). The level of transactivation also increased with the amount of p53 ex- 
pression vector transfected (Table 3). 
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Table 3. Transact ivation in human cells 



A/ 



p53 
Expression 
Vector 2/ 



Reporter 



Exp. 



Relative CAT Activity"- 

Exp. 3 



Exp. 2 
,85 ug 2.55ug 



10 



-15 



20 



25 



30 



35 



p53-wt 


PG L3 CAT 


100 


100 


210 


100 


Tumor -derived mutations: 










p53-143 


PG L3 CAT 


- - 3 








p53-175 


PG L3 CAT 


2 


3 


6 




p53-248 


PG I3 CAT 


2 


4 


7 




p53-273 


PG L3 CAT 


2 


2 


3 




Endogenous 


activities: 










p53-wt 


MG 15 CAT 3/ 




<1 




2 


none 4 ^ 


PG3.3CAT 




20 




2 



Transition »~» <=" ScJ ^„, P 25 2=706> . Activity 

acetylated form, expressed as r ^J^ V * designated as 
shown. 



40 2/ Experiment 2 used both 0.85 and 2.55 ug °| 

express^? Experiment 1 used 1.7 ug, and experiment 3 used 

0.85 ug* 



45 



50 



55 



'/ MG 1S -CAT provided a control for DMA-binding specificity 
and an estimate of background from promoter-independent 
"readthrough" transcription and/or basal promoter activity. 

«/ The e* P ressor-negative transf ection Provided an estimate 
of the activity from endogenous wild-type p53 of the HOT lie 
cells in various transf ections, the endogenous activity was 
2-20%' of that following transf ection with exogenous wild-type 
053, depending on the efficiency of transf ection. The activity 
from endogenous P 53 was diminished by transfection of oncogenic 
mutant p53. 

Soecif icity for the binding sequences was tested by replacing six GC basepairs in the 1 8-basepair oligonucleo- 
Se to generate a Mutant torn, of PO. termed MG (5'-CCTTAATGGACTTTAATGG-3'). Th.s sequence, when 
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35 



40 



45 



50 



55 



Z T»T e ' t ^ 6d UpstreamoftheCAT Wer.didnotbindtopSainvitrxXFig. 14 lanes/and 8) nor 

%£^™ m " P ^-^ ( ™ B 3 = RS - 13B ' ,ane 8: 15A ' '^Fig 9 15B lane 2) The t ans 
activation of CAT was mdependent of the orientation of the PG multimer upstream of the CAT gene (Fia iS 

■ lZlllT ?: na \ S ? 333 baS6Paire b6tWeen the PG ™ ,timer an < *• Promoter Lo LSe^c o n 

gene d.d not allow transaction (Fig. 15, ,ane 3). These observations indicated that the PG sequences ?Z 
as an upstream actovator element, although not as a classical enhancer. sequences act 

pofeSfn (^gSS ° f ^rV 16 Ce " S " 5 °' 80% C ° nf ' UenCe in 25 cm2 flasks were 'ransfected ««ng <-i- 
> S^S^iTS^^ ff 0 rdin9 10 manufachjrer ' s instructions. All f lasks within an experiment 
were transacted with the same total amount of plasmid using pCMVneoBam or pBluescript II SK+ as "filler" 

MoJZt fn?l at 20-24 hr the CAT activit V of the ""^sured b fSS. oP.J lab^d 

Example 13 

nT,r' e dem ° ( nstrates that ° nco 9 e ™ mutant P 53 genes consistently fail to transactivate 
The _prec.se corre.at.on between the binding of the PG multimer in vitro (Fig 13A) and the expression from 

ZXZZZZ -^ (R9 k 13B) Str0n9,y SU996Sted *-^«xSS5tol was a dLti^S^SE 
" P ™ lmerS * ^ 11 such an ac «vity of P53 were crucial to it tumor suppressor activity one woukf exoect 

ou SSS ITsZ^TT ° f P53 W ° Uld be defeCtiVe in thiS ^nction P p53 mutation^geneX'ur n 

s^^G nt s 9ene : rep . resentin9 each ° f these ^ ^ e ^S'Sniistss 

together w.th the PG 13 -CAT reporter plasmid. The consistency of the result obtained with these mutant B xn£T 
Z 2T fS WaS f Stnkin9 " M tumor-derived mutations examined had lostthe ability to J*«SiJ3? despite 
Ts m oht T^T (COd ° nS 143 - 273) " wHiCh th6se ™ tations were ^ated (Tab.e 3 and taJS? 
s^me tit ^ ♦ 3 eXPreSSin9 ' OW am ° UntS of ^^genous wild-type p53 mere was often 

32, ' th ' S C ° nStrUCt (Fi9 ' U ' ' aneS 3 - 6) iS thUS Consistent * as delects 1 1 transact 

Example 14 

This example demonstrates that intact p53 trans activates in yeast 
D53 rbindl'niS 11 10 d6termine Wh6ther thiS aCtiVity ° f P53 was conf ined to mammalian cells. If the ability of 
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yeastcells (Table 4). Thus, the results in S, cerevisiae were analogous to those observed 
Table 4. Activation of Gene Expression in Yeast by p53 



to transactivate in 
in human cells. 



P53 
Expression 
Vector 


Reporter 


□ VJcL X 

Exp. L 


ni_ t_ j. v i> l j 

c*xp • c 


none 


PG16-LacZ 


J 




Yp53 


PG16-LacZ 


13,000 


3,000 


_XP5_3-143_ _ 


PG16-LacZ 


150 


85 


Yp53-273 


PG16-LacZ 


5 


2 


Yp53 


PG4-LacZ 


15,000 


11,000 


Yp53 


PGl-LacZ 


2,600 


3,000 


Yp53 


MG15-LacZ 


15 


4 



Wild-type or mutant p53 expression vectors and the 
8-galactosidase reporter plasmids were transfected into 
cerevisiae and clones obtained. p53 expression was induced 
with galactose, and 3-galactosidase activity was measured in 
units of nanomoles per minute per milligram of protein. Two 
independent clones (Exp. 1 and Exp, 2) were tested- Less than 
1 unit was seen in the absence of galactose induction. The 
residual activity of the Yp53-143 mutant may have been due to a 
slight wild-type activity observable with valine to alanine 
substitution mutants at the relatively low temperature (30°C) 
used for yeast growth. 

Example 15 

This example demonstrates the dominant-negative effect of p53 mutations on wild-type P 53's ability to bind 
™ ^t^P^Zl^ of P 53 were fundamental to its biological role, P 53 mutants should be able 
type P 53 when both are expressed (Lev.ne, et al. (1991). ms*: ^ > HCT 116 cells (Figs. 

^^dominantCative effect could be caused by a failure of the mutant/wild-type complexes to bind to 
DMA o t TKS ^Zf«lcWion once bound. To distinguish between these two possibilities we ^ 
DMA or to a failure to , acuva v experiment similar to that shown in Figure 14. The 

S^ffiKSS K Sty of^d-type protein to bind DNA by over 90^ when co-expressed at a 
3:1 ratio. 
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SEQUENCE LISTING 
SEQ ED NO: 1 



10 



15 

m too no 



20 



25 

SEQ ID NO: 2 



30 



35 



40 



45 



50 



55 



100 £00 210 +mm. 



Claims 
1. 



Ameth c ° 0 d „!^ deteCtin ^ the PreS6nCe ° f Wild " type p53 Protein in a ce »' comprising the steps of 
to wild'tyT/pSa PrSSenCe ^ ^ * th<3 Ce " by deteCtin 9 bindi "9 * *. DNAfragment 

2 " Is^sh^wn-n SEQm JoT*" *" P53 ' SPeCifiC ^ segment comprises nuclides 103 to 134 
3. The method of claim 1 wherein the p53-specif ic binding DNA segment comprises nucleotides 104 to 123 
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10 



15' 



20 



25 



30 



asshowninSEQIDNo:1. 

4 The method of Cairn 1 wherein the P 53-specif ic binding Defragment comprises more than one monomer 
of the sequence 5'-RRRCWWGYYY-3'. 

5. The method of ciaim 1 wherein there are from 0 to 40 nucleotides between said monomers. 

6. The method of ciaim 1 wherein the Defragment is labelied with a detectabie moiety seiected from the 

qroup consisting of: 

a radioactive moiety, a colorimetric moiety, or a fluorescent moiety. 

7 The method of claim 1 wherein the step of determining the amount of p53-specif ic binding DNA comprises: 

immunoprecipitating P 53 protein with anti- P 53 monoclonal ant.bod.es. 

8 A method of detecting the presence of a wi.d-type P 53 protein in a cel., comprising the steps of. 

binding D'NA'frag'me'nrtorbind-said- - 

DNA ^^^"^J^^^j^^ fr^men^on! ^^^istologk^slrtion; and . 

deTermining the amount of DNA fragment which is bound to the h.stolog.ca. sample. 

9 . The method of c.aim 8 wherein the P 53-s P ecific binding DNA segment comprises nucleotides 103 to 134 

asshowninSEQIDNO:1. 

10 . The method of c.aim 8 wherein the P 53-specific binding DNA segment comprises nucleotides 104 to 123 
as shown in SEQID NO:1. 

11 The method of claim 8 wherein the P 53-specif ic binding DNAfragment comprises more than one monomer 
of the sequence 5'-RRRCWWGYYY-3'. 

12 The method of claim 11 wherein there are between 0 and 40 nucleotides between said monomers. 

13. The method of c.aim 8 wherein the DNAfragment is labe..ed with a detectab.e moiety selected from the 

aroup consisting of: . . j 

a radioactive moiety, a colorimetric moiety, or a fluorescent moiety. 

site. 

DNA binding site. 

16. The method of claim 14 wherein the compound comprises a polypeptide. 

17 The method of Cairn 16 wherein the polypeptide comprises a., or a part of human wi.d-type P 53 protein. 

20 The method of Cairn 18 wherein the o.igonuCeotide or o.igonuCeotide containing nucleotide analogs com- 
P rises more than one monomer of said sequence. 

2 1 The method of claim 1 8 wherein the o.igonuCeotide or oligonucleotide containing nucleotide analogs com- 
" prises between 0 and 40 nucleotides between said monomers. 

22. A double-stranded DNAfragment which comprises a p53-specif ic DNA binding site, wherein the fragment 
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monomer of the sequence RRRCW/VGYVY di " 9 " to ""Wising ™re man one 

2£S£2, 1 «ltS*^. C or' n '^ ^ ,ral ° 9S * «» 23 *** one or 

binding site. """" ** "'^"uoleoMe lo complex »i,h both strands of the p53-specific 

, ^nucleotide, e„ *»^1JK:^~£* = * - * 

2e - ^«x:^z^^^x^'r^ a ^ 23 *■* * — — - 

lake by the cells. suscepbbilny lo oligonucleotide degradation or facilitates up- 

lysine. acrldine'dodecanT^ 

XXXTo?'" 9 ° 0mP °'" MS - °"A <**" seguences. com- 

to the D«^rr P * MnS 0NA fra9m,nt "™ 8 " Sl " "n- Ibe tes, compound 
determining the amount of test compound »»„lch is bound to the DNA fragment 

^sTec^nd*:^^ " — * - -.compound and th. 

the ability to speciflLiy bind ^Z%?^ M, ^ M ^™<>>^™^ 

" X^sLTof™ ° 0mP0U,,dS *'* '"^ » 53 -^' fc fences, „. 

«-~^ «■ a « 

binding^;^ 

specific DNA binding seiiences compound indicating b.ndmg of the test compound lo the p53- 

I'titxr^s 3 aene fan * n ,o a ° e " - hteh has '»•■ - — . * of 

is mJSSnHS:^ ^ 8 ^ «*'* - "*» saM •««-. -ob the, said gene 

& £ gTheTr™: c"T **" " ~— * ■ - than any r^tan, 

34 - o,r;:r„r s 3 „r ,unaton ,o a 06,1 «"* has ,os ' - aid — «— * *- 

aaid pJ3SE5£2:2 riS "*< ~ «« ««* «• 

nonneoplastic grown of said cell '" 9 8 * p53 ° roMln ""*» 

is required for 

35. A method of pre-screening agents for use in cancer therapy, comprising: 
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measuring the amount of binding of a P 53 protein encoded by a mutant gene found in cancer cells 
of a patTenUo a DNA molecule which conforms to the consensus binding site hav.ng more than one mono- 

^ ° f mealuZ^mount of binding of said P 53 protein to said DNA molecule in the presence of a 

t6St S 1om n paring n L amount of binding of the P 53 protein in the presence of said test substance to the 
amounting 'of the P 53 protein in the absence of said test substance, a test substance wh.ch ,n- 
creases the amount of binding being a candidate for use in cancer therapy. 

a method of ore-screening agents for use in cancer therapy, comprising: 

36. A method of pre ™*° J * ^ substance> said « ansiected ce „ contammg a P 53 protem 

which is encoded by a mutant gene found in cancer cells of a patient and a reporter gene construct com 
Sg a reporter gene which encodes an assayable product and a sequence wh,ch conforms toft. > p53 
consensus bling site having more than one monomer of RRRCWWGYYY, where,n sa.d sequence ,s up- 

stance atsTsubstance which alters the amount of expression of said reporter gene be,ng a candidate 
for use in cancer therapy. 
i7 a rr^thnd of Dre-screeninq agents for use in cancer therapy, comprising: 

37. Ameth ° d d ^^^ and nbo nucleotides to a transcription construct, said transcnpt.or , con- 
struct compris^g a reporter gene which encodes an assayable product and a sequence wh.ch conforms 
to the ^os^onsensus Ling site having at least two monomers of RRRCWWGYYY, sa,d sequence bemg 
u^££S^«» «■< reporter gene, said step of adding being effected ,n the presence and 

abSenC d e et a minl S whShfamount of transcription of said reporter gene is altered by the presence 
ofsaidSZSce latest substance which a.ters the amount oftranscription of said reportergenebe.ng 

a candidate for use in cancer therapy. 

38. A DNA construct for use in screening potential chemotherapeutic agents, comprising: 

o rerwtpr aene which encodes an assayable product; 

a Zence 9 which conforms to the P 53 consensus binding site having more thar ^JJ^ 
RRRCWWGYYY upstream from and adjacent to said reporter gene, wherein sa d DNA construct is se 
TectedZ the group consisting of a recombinant p.asmid, a viral vector or an .so.ated molecule of DNA. 

39. Amethod of diagnosing tumor-inducing or hyperplastic-inducing strains of human papilloma virus (HPV) 

^'"contacting cells or cell extracts of patients suspected of being infected by HPV with a p53-s P ecific 

^^S^^^^ P53 in said cells or ce.l extract which binds to said DNAfragment, 
absence of bound P 53 indicating infection by strains of HPV which sequester P 53. 

protein anTa eporrer gene construct comprising a reporter gene which encodes an assayable > produc 
a^a sequence which conforms to the p53 consensus binding site having more than one monomer of 
RRRCwTgY^ wherein said sequence is upstream from and adjacent to sa.d reporter gene; and 

T^oT^er the amount of expression of said reporter gene is a.tered by the test sub- 
stance a tesTsubstance which alters the amount of expression of said reporter gene be.ng a cand.date 
for use in cancer therapy. 

a mothnri of nre-screeninq oligonucleotides for use in cancer therapy, comprising: 

4 add?g^ 

of random oligonucleotides to a P 53-spectfic-binding DNAfragment immobH.zed on a sohd support, 

recovering the olignucleotides which bound to the solid support. 
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FIG. 2A 
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FIG. 4B 
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FIG. 5A 
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FIG. 7A 
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FIG. 8A 
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FIG. 8B 
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FIG. I6A 
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